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■A  POINT-CONTACT  TRANSISTER  PULSE  SHAPER 

£fhls  Is  a  translation  of  an  article  written 
by  Yu.  I.  Senatorov  published  in  Moscow, 

.  1958,  pages  3-22.7 

.  I  i  1 

Description  of  the'  shaper's  set-up 

The  pulse  shaper's  set-up  is  given  in  Fig.  1.  The 
positive  feed-back  needed  for  its  operation  is  built  up  on 
the  internal  resistance  of  the  triode  r6  •  This  resis¬ 
tance  is  the  resistance  of  the  germanium  transistor  plate, 
which,  is  the  basis  of  the  triode.  In  order  to  develop  the 
regeneration,  the  resistance  r$  must  not  fall  below  a 

certain  prescribed  value. 

Should  the  resistance  ^  be  too  small,  an  exter¬ 
nal  resistance  B(l,  much  larger  than  r6  (Pg  c-  1  +  4  kilo- 
ohm)  while  (r$  S:  200  7  600  cu4  has  to  be  added.  The 

presence  of  N  and  S  shaped  characteristics  of  the  triode, 
which  produces  the  regeneration,  depends  not  only  on  the 
resistance  P6  -  r6+P6,  but  also  on  the  magnitudes 

a.  rs»  rK*  ^k*  &  a  and  on  the  external  elements  of  the 

set-up.  For  this  reason  the  P<$  value  of  the  set-up  may 
vary  within  wide  limits. 

In  one  batch  of  point  contact  triode s  C2G,  01 E 
(released  in  October  1956)  the  magnitude  r6  was  found 

to  be  sufficiently  high  to  allow  for  the  development  of  the 
pulse-former's  set-up  without  the  need  of  an  external  p^. 

Absence  of  that  external  resistance  fys-  affected  favor- 

ably  the  absolute  figure  of  the  spread  lh  the  point  of  the 
upper  bend  of  the  N  shaped  characteristic  of  the  triode s, 
for  which  point  the  voltage  given  in  old  set-ups  amounted 
to  ^  w  P6  .  jK(y  *  where  was  the  dark  current; 

for  that  batch  of  triodes  this  L„  varied  within 
1  —  4  ma.  *° 

The  diminution  of  the  spread  in  the  coordinates 
of  the  points  of  the  bend  in  the  N  shaped  characteristic 
allows  to  leave  the  external  elements  of  the  set-up 
unchanged  for  many  triodes  of  the  batch*  The  percentage 
of  triodes  that  were  fit  to  work  amounted  to  70. 


♦ 


Fig.  1 

At  the  same  time,  a  correct  selection  of  the  ele¬ 
ments  of  the  set-up  raises  the  reliability  of  its  wor^ 
in  cases  of  certain  deviation  in  the  characteristics  of 

the  triode  itself*  _ 

With  the  external  resistance  j?6  absent,  the  start. 

signal  is  sent  into  the  emitter's  circuit.  It  is known* 
that  this  way  of  starting  increases  the  time  of  tne 
coordination  period  of  the  set-up  by  causing  a  delay 
(t  )  of  the  exit  pulse  of  the  former  In  relation  to  tn* 

'  2  St Tj  * 

starting  pulse.  (For  the  set-up  of  Fig.  1  t-zap- 0,15-H3,2 

micro  sec,  which  is  most  undesirable.  This  delay  can  be 
avoided  by  sending  the  starting  signal  into  the  clrcuiu  of 
the  base.  For  this  purpose  a  transformer  is  switched  into 
the  base  of  the  triode,  and  one  of  its  coils  receives  the 
signal  in  the  proper  phase*  This  results  in  a  strong 
feed-back  which  in  many  cases  generates  certain  pulses, 
and  the  latter  are  eliminated  by  the  shunting  oi  tne 
transformer's  windings  with  a  small  resistance.  t:n 

its  turn,  leads  to  a  weak  entrance  resistance  of  the  set-up 
and  this  complicates  the  coordination  of  the  pulse-sharper 
with  other  elements.  From  this  viewpoint  the  entrance 
resistance  of  the  set-up  should  exceed  0,8  kilo-ohms. 


*See  the  The sis  by  Ye.  V.  Kostyukevichi  "Investigation  of 
the  relaxation  generators  on  point-contact  crystalline 
triode s",  1956;  Printing  shop  WIA  imeni  Prof.  N.  E, 
Zhukovskiy. 
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'The  shunt*©  resistance  amounts  to  300-400  ohms  for  a  » 

transformer  with  a  factor  1:1. 

For  this  reason  a  set-up  with  a  transformer  in 
the  has©  of  the  trlode  should  be  used  in  the  cases  in 
which  the  entrance  resistance  need  not  exceed 

400  ohms®  '  a 

Another  specific  feature  of  the  set-up  described 
consists  in  the  raised  brush  voltage  E  ~  -30  volt,  which 
amounts  to  only  20  volt  In  the  previous  set-up,  baaed 
.upon  trlode s  of  the  types  02(1,  CIS.  This  naturally  leads 
to  increased  amplitude  of  the  exit  pulse.  The  direct 
feeding  from  the  source  of  the  current  of  the  Ej  voltage 

of  the  brush  circuit  leads  frequently  to  the  heating  up 
of  the  trlode  due  to  the  excessive  brush  current  and  ruins 
the  trlode.  Therefore  the  voltage  Ej  is  admitted  through 
the  sub-circuit  R~diM*M>  which  uses  a  supplementary  vol¬ 
tage  source  I20%S  >  If#  »  The  sub-circuit  E-di, ode-0 

pints  a  limit  to  the  maximum  current  Iffiax  which  pass 

through  the  triode’s  collector  even  if  the  resistance  of 
that  collector  were  zero.  A  long-time  operation  of 
numerous  triodes  at  the  maximum  current  Imax  of  10  ma  and 

maximum  voltage  of  -30v  did  not  cause  a  single  trlode  to 
be  ruined.  The  period  of  voltage  recovery  upon  the 
capacity  G  of  that  circuit  has  to  be  coordinated  with  uae 
maximum  frequency  of  the  pul ee- shaper * s  action. 

The  set-up  of  the  pulse- shaper  with  point  contact 
tried©  Is  shown  in  Fig.  1.  The  tasks  of  its  elements  are 

0-  S  jf  £*3  3  0W0 1 

1)  The  start  of  the  set-up  is  accomplished  by 
positive  pulses  passing  through  the  transformer  Tp^. 

The  amplitude  of  the  starting  pulses  Uzftp  is  greater  than 

four  volts.  The  minimum  is  above  1  volt,  but  at  this 
minimum,  the  set— up  will  not  operate  with  each  starting 
pulse.  With  Uzap  less  than  1  volt,  the  set-up  will  not 

react  at  all.  „  . ,  . 

2)  The  diode  B*  lower©  the  back  effect  ol  the  set¬ 
up  upon  the  channel  ©r  the  start. 

3)  The  capacity  G^  is  necessary  for  producing  the 

current’s  throw  into  the  emitter's  circuit. 

4)  Resistance  R^  serves  for  the  discharge  of  the 

capacity  dj*  The  time  constant  is  \%  "%ci  ”■  °*4!  mterosec. 

5)  The  +0.5  volt  of  the  voltage  source  protects 

the  set-up  from  the  parasitic  signals  as  long  as  their 
*  voltage  does  not  exceed  1  volt.  ♦ 
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T 

6)  Both  transformers  and  Tr2  of  ”bhe  exi^  ar** 

;  '  .  >o1  nn~v„f&T  600”*  The  colls  are 

built  of  identical  ma  ®T  gjae  4  x  7  m®» 

wound  on  two  toroi<  ‘StfSff  ttifnegative  reject  In  the  exit 
pulse.  Depending  on  ^e  Basnltude^tte^loadlng^eele-^ 

fersioS  1° ad3usted  to  the  oaBe  of  a 

.critical  run  of  the  transfer  process  In  the  transformer  . 

l!?r  8)  The  sub-circuit  E^D^  and  the  voltage  source 
E3  play  the  part  of  a  Uniter  of  the  current  passing 

tteough9fv0i?agf ‘source  E,  plays  the  part  of  the  nominal 

voltage  source  In  the  oiro^ /statignar^runin  the 

The  power  used  4u.rln8.AA  -v'fH*  .and  exceeds  2  -  4 
resistance  fU  equals  p»  *9 

times  the  amount  consuned4in  the* actual  set-up  vhon 

V  -  so  TOlV—..:-  .  ^ . ^80,12  «•),  ■  _ 

where  I,  is  the  dark  current  of  the  triode. 

"'Should  the  amplitude  pulse" shaper 

taken  from  the  loading  char  °  0f  feeding  the  col- 

Sfer2iiSulfS»  recommended 

volt.  Maximum  frequency  Wx.  ™der  «««  *• 

worlss,  is  500  5 ses^ocurs?  The  delaying 

a  break  up  of  the  starting  pu-  rhe°starting  pulses  can 
period  between  the  e0*  The  entering  resistance 

amount  to  duration  of  the  pulse  =  0., 

microseo  (on  t!la  leTS  0J0Sj1pfI’ohanSe1^"e®^  *°  ohm 
hardly  changes  when  the  load  %  onaiioe 

and  3  k|l°"^ltude  of  the  starting  pulses  does  not 

depend  «  ^gS^°iJS^rtrtlc.  of  the  pulse 

feed  voltages  amount  to 

+  15  percent. 
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2.  Operation  of  the  Sub-circuit  R-Dio&e-C 

Pig.  7  shows  the  set-up  of  the  circuit  R-dxode-C 
which  insures  the  feeding  of  the  collector  circuit  of  the 
trlode.  The  diode  keeps  open  if  the  constant  component 
of  the  current  passing  through  collector  s  circuit  aoes ^ 
not  exceed  a  certain  maximum  value  of  Ik0  max»  w*-lle  one 

voltage  at  the  point  A  runs  lower  than  E<j  by  the  amount  Oi 

the  voltage  drop  Up  at  the  diode  D.  By  neglecting  the 

magnitude  <<  E.j ,  we  can  assume  that  the  voltage  at  A 

As  equal  E1 «  Should  the  collector  current  Ilco  exceed 

the  value  I  ko  fflax,  the  diode  closes  and  the  voltage  in  A 

becomes  \Uk\-\E2\~IKR  .  This  voltage  is  lower  than  E1  . 

The  excess  of  the  collector  current  Iko  over  i-K0  max  maA 

occur  in  two  cases.  First*  if  the  yield  of  the  shaper  fe 
set-up  Ik  ±  I3.  >  Ik0  rcax5  Secondly i  if  the  triode  happens 

to  run  hot.  In  this  case  an  auto-heating  of  the  triode 
mav  develop  with  a  decrease  in  the  collector  s  resistance 
and  an  increase  in  its  contact  current.  Under  trie  so  con¬ 
ditions  the  sub— circuit  R-diode— C  has  to  limit  one 
permissible  current  in  the  collector,  or  to  sharply  reonce 
the  resistance  in  the  source  feeding  this  curcuit  of  one 
triode* s  collector,  which  is  equivalent.  Thus  the 
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sub-circuit  R- Diode-0  ceases  to  be  the  source  of  voltage 
Et  with  Ik  <.  Ik0  max  and  becomes  the  source  of  current 

for  Ik  >  Ik0  max*  In  thiB  case  the  ®a8nitude  of  the 


* 


4» 


Dependence  of  the  exit  signal  on  the  pulse- 
shaper1  b  capacity*  s  load* 


30  -4? t 

Fig*  6 


Dependence  of  the  exit  signal  on  the  change 
in  the  EMF  E1# 

constant  collector  current  is  determined  as  follows} 

r  h 

X  if  ®  ~ — — * — — —  * 

R  tried© 

where  R0  of  the  triode  represents  the  triode* s  resistance 
to  constant  current  under  a  raised  temperature  run* 
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Resistance  R  plays  the  part  of  a  stabilizer  of  the 
collector  current  for  Ife  >  Iko  max.  An  excess  may  take 

place  when  the  temperature  of  the  surrounding  medium  goes 
U'p»  Thus  the  circuit  R— Diode— C  acts  as  a  stabilizer  of 
temperature  also.  In  the  first  case  mentioned,  when 
:T"  I,  ,  the  time,  during  which  the  temperature 

k  x  ko  max  ,  ,  ,  , 

is  excessive,  equals  the  duration  of  the  snaper* s  exit- 
pulse.  In  this  case  the  capacity  C  forms  an  auxiliary 
.source  of  energy  and,  with  the  C  properly  selected,  one 
voyage  at  A  toes  not  change  by  more  than  a  definite  value 
M  .  After  the  pulse  fed  from  the  capacity  us  com¬ 
pleted*  the  voltage  at  A  comes  to  its  previous  value, 
before  another  pulse  arrives  (for  a  frequency  of  the  order 

of  500  khz). 


to  max 


'D  MAX 


Fig.  7 

*  ijj.  is  the  dark  current  of  the  triode  iko  max 

the  maximum  constant  current  of  the  triode  at 
;  a  frequency  of  500  khz;  Imax  the  maximum  con¬ 
stant  current  permissible  through  the  triode; 
the  current"  of  the  exit-pulse  of  the  trioae. 

Let  us  determine  the  values  of  the  resistance  u, 
capacity  C*  and  voltage  of  the  source  S2*  The  basic 

data  are;  values  of  currents  Ij_;  Iffiax.’  ^ko  max*  max’ 
and  the  values  of  E.  and  ®  'The  relationship 

between  these  currents  are  Ikn  <  Iko  Eax  ^  max  < 


u  max 


1  max  <  ^i* 


The  time— diagram  of  the  voltage  at  the  capacity  u 


.is  given  in  Fig.  S. 
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.  ~e&  )  (  3) 


The  basic  relationship  between  the  Initial  values 
are  (sea  Figs  7,  8):  •  * 

r  v~&-  <  •«  v^a  *  *  ^uskc*  +  ^4  (  2  )  1 

1  w&kc 

Mc 1 s  the  change  of  voltage  on  the  capacity  C  for  the 
period 

Jb£  m  S ^  *  h#Ci  -  tt  ~  Iko  u&kcS  “  ^4  * 


Up  is  the  voltage  on  the  diode  during  the  passing 
through  it  of  the  current  Ip  max. 


<  <  l*8  -  f3 1. 

1  Xh 

^  "TS  I  dt 


(  4  ) 


<  a  *  oonst  , 


(  5  ) 


where  is  the  voltage  change  on  the  capacity  during  the 
action  of  the  pulse t 

By  putting  NJC-M}C  the  Inequality  (3)  can  be  presented 
In  the  form: 

&0C  «  ts'  -  i;?  (  6  ) 


.where 


m' 


&z  -  -  fjcojaax* 


Inequality  (1)  limits  the  maximum  collector  cur¬ 
rent;  the  realization  of  the  inequality  (2)  insures  that 
the  current  through  the  diode  Ip  max  will  not  be  less  than 

•‘■ko  max* 

Inequality  (3)  connects  the  law  of  the  voltage 
change  on  the  capacity  C  after  the  completion  of  the 
pulse 5,  with  the  interval  of  time  during  which  the^ 
voltage  changes  which  cannot  be  leas  than  some  definite 
magnitude  &UC  , 

Equality  (4)  determines  the  voltage  change  on  the 
capacity  0  through  the  duration  of  the  pulse  • 


-  9 


* 


,  7  -  Fig.  8 

is  the  voltage  change  on  the  capacity 
0  during  the  time't.i  (time  of  the  passage  of 
current  1^);  is  the  maximum  change  of 

the  voltage  on  0  after  the  completion  of  1^; 

it  determines  the  run  of  the  exponent  in 
the  interval r  ^  . 


Equality  (5)  represents  the  demand  for  the  change 
of  voltage  on  G  during  the  pulse  • 

Let  us  assume  that  the  current  1^  during  the  pulse 
is  constant,  while  the  aotual  duration  of  the  pulse  is 
replaced  by  the  equivalent  duration Tj  of  the  pulse,  then 
the  equality  (4)  will  take  the  form i 


*'  *  ^ — i — tmm 

0 


This  equality  is  correct  if  the  condition  jb  4  f(C) 

is  realized  and  in  the  further  account  such  realization 
will  be  taken  for  granted.. 

Solution  of  the  basic  relationships  (1)  to  (5). 

Let  us  examine  the  possibility  of  simultaneous  solution  of 
these  relationships  and  determine  the  region  of  this 
solution.  Let  us  consider  conditions  (3)  and  (4).  We 
begin  by  building  the  ratio 


+ 


l  im  a  *  1  • 
C~*o 

Ixm  avr^r — 


(  9  ) 
(  10  ) 


Fig.  9  presents  the  likely  position  of  the  curves 
corresponding  to  the  inequalities  (3)  and  (4).  _ 

*  It  is  obvious  that  the  conditions  are  reallzaole 

if  a  >  i 

Now  wo  shall  examine  the  inequalities  (t)  and  (2)* 
Their  graphic  solution  is  given  in  Fig.  10. 

Let  us  bring  the  inequality  (3)  to  a  shape 

explicit  in  reference  to  E2  for  the  case  of  the  equality 


Fig.  9 
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of  the  inequalities  is  possible 
{1),  (2),  (3),  (4). 


We  shall  neglect  the  values  Ug«  and 

uD<<:Iko  maxR*  Let  110  change  the  current  Iko  aax  for  a 
larger  one  I-q  max*  •  ,t>he  inequality  (11)  forming  the 

condition  for  the  selection  of  Eg,  we  intensify  that 
inequality  bringing  it  to  the  shape; 

AW/. 

H  >  *1  *  WcS  *  •  (Wl 

■  B  1 

We  put  £jj  m  h&L.  into  the  inequality  (12)  and 
obtain:  ci  C 

Ijgn  ,  ^ 

h  *  h  *  Wes8  *  ~W~~  '  <13' 
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Thus  Inequality  (13)  includes  the  conditions  of 
(3)  and  (4)„  It  Is  evident  that  a  simultaneous  solution 
of  inequalities' (1 ),  (2)  and  (13)  becomes  feasible  If  we 
satisfy  the  inequality# 


^^WaKC"  fy  MSKC^  ^1  ^  *  Ji 

eF-  1 


The  simultaneous  solution  of  (4)  and  (5)  yields 
the  value. of  C,  For  this  value  of  C,  depending  on  the 
resistance  R.  the  right  side  of  (14)  is  evaluated.  Should 
the  Inequality  be  realized,  the  problem  can  be  considered 
solved. 

Thus  the  feasibility  of  a  simultaneous  solution  of 
relationships  (1)  to  (5)  is  demonstrated. 

Examination  of  expression  (14).  Further  conside¬ 
ration  of  the  simultaneous  solution  of  basic  relationships 
leads  to  the  examination  of  the  right  side  of  (14). 

We  shall  denote 


(15) 


Examining  the  magnitude  f  as  a  function  of  C,  we 
find  that  it  represents  the  relation  of  a  hyperbolic 
function  to  one  approaching  an  exponent.  It  can  be 
shown  that  y  will  change  much  slower  with  the  change  in 
C  than  with  the  change  in  R. 

We  transform  the  expression  for  y  into  the  shape 


^Presented  graphically,  the  Inequality  (14)  expresses  the 
fact  that  Its  right  part  added  to  the  inequality  (2)  must 
not  lie  above  the  inequality  for  (1)  in  Fig.  10.  In¬ 
equality  (14)  was  formed  from  those  of  (1)  and  (12). 
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The  magnitude  -jjj  was  computed  for  the  range  ' 

of  jjJ’"  Q’Q-25  T  Wfi.  shown  by  a  graph  in  Fig,  11,  In  Fig, 

11  m  find  the  curve  of  error  (its  ordinate  multiplied  by 
100  yields  th©  error  in  percent)  in  the  computation  of  the 

magnitude..  \^Q.  1  that  results  from  limiting  the  serialisa¬ 
tion  of  gjfe  In  powers  of  ^  '  by  the  first  two  terms, 

,  The  graph  shows  that  the  greater  the  value  of  RC, 

the  smaller  becomes  the  magnitude  of 

h  * ; 

i  S  . .  . .  : 

For  Instance,  if  “  ®xi.  the  value  jf*^”  v 

equals  0,1, 

Neglecting  0*1.  in  comparison  to  one  unit,  we  find 
that  practically  the  magnitude  y"  does  not  depend  on  the 
value  of  C»  provided  that  the  inequality  Jp" »  6%. is  realized. 

If  we  neglect  the  magnitude  |  in  comparison 

with  one  unit  in  the  expression  (16),  we  can  obtain  the 
first  approximation  to  the  value  of  R  from  the  expression! 


where 


lyfr&Q  -  f^MaUG 


(17) 


The  resulting  error  in  the  value  of  Y  cannot  be 
computed  without  using  the  concrete  values  for  0  and  R, 
even  if  it  were  only  because  the  numerator  In  the  expres¬ 
sion  for  y  contains  the  value  of  0*  For  this  reason  we 
shall  conduct  our  reasoning  on  general  lines,  and  we  shall 
show  that  the  value  of  R  computed  from  (17)  shall  always 
exceed  th©  true  value  of  R  (as  computed  by  taking  into 
consideration 


Let  us  suppose  that  the  neglected  terms  of  the  series 

Jt-  ^  -s  “r4  m  i"'"  ■“  n."  "jm""'  _  _  x  * 


m  T 


mentioned  equal  I,  i,e. 


denominator  can  be  written  ast'T: 


-  1  m 


In  such  a  case  the 
*v  +  r,  or  if  we  use 


-SL 

«T 
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the  ratio  ~£r  *  a* 
ffi 


we  obtain 


Jr. 


1  m  —1/  J  +  a}  • 

ifcr 


For  the  expression  y  ot 


IT* 


1  aTH^ 


&/?.»«)  wJ**V,...  .j 


ana  returning 


to  the  expression  (14)  we  obtain j 


*  >  &rTi**) 


The  magnitude  a  can  be  expressed  in  percent  and. 
represents  the  permi ssible  error  In  the  evaluation  ot  the 

serialization  of  e'1^  .  We  shall  denote  by  RN  the 

value  of  resistance  R  computed  from  the  last  expression. 


A 


ii  ve  use  the  sign  of  equality  in  i.t.  We  shall  form  the 
p?atio  of  P/Rn  *  i.e, ,  the  ratio  of  R  obtained  from  (17/ 

■with  the  further  terms  of  the  series  neglected*  to  R 

with  all  terms  considered. 


where 


S 


K  m 


% 

M. 


3  +  Kg, 
1  +  a 


a  >  0  . 


AJ 


We  shall  note  that  K  .cannot  be  less  than  1 ,  for  the 
opposite  would  disagree  with  the  physical  nature  of  the 
problem. 

It  is  evident  from  the  ratio  R/Rj-  that  R  is  always 
greater  than  R^.  Conseqiiehtly,  by  using  the  expre salon 


R- Diode 

A*  « 


bt' 

v>  1  5  1  £»  -*  o  _ 

V.4..V  ,n  «.  ->*  *>  p-  •  J| 


p.%? 

aluating  R, 

© 

e  th- 

jcn 

D  X  n  B  i  n  y  >  t*o 

di 

■as 

the  ■ 

■c. 

Inequaliti 

*•* 

■j 

(1) 

5:  ’V\  <"V 

hw  ,£  r.  u. 

4  ~ 

...  *  A 

so>t«*?. ;p 

4 

V) 

ft  o 

■V  n  f  1  i 

of 

p  ul  so  s « 

Po 

the  contrary 

3- 

eXp:^3SBJr 

the 

conditions 

0 

n  x'O'uXt 


*0  y.  ./•*!  *V>£, 


vWA  ^  ^  •  S’  ^  *•*  *•»*.  **«--■  *** .  «*#■  #k  ~  ~  -  ^  ^  "F  ' 

in  the  circuit,  of  RO  can  be  so  chosen  as  to  exceed  the 
time  interval  T  »  between  the  pulses,  than  run  with  the 
vaninr/ra  frequency  (fw.aT)jr  and  thus  there  'will  occur  no  • 

accumulation  of  charges  on  the  capacity  C  during  the  series 
of  pulses.  This  accumulation  of  charges  on  the  capacity 
is  affected  above  'all  by  the  value  of  R,  and  the  least  by 
the  value. of  0»  However,  the  degree  of  the  effect  of  C 
changes  with  the  change  in  the  magnitude  of  the  ratio 

Dr*  * 


* 


* 


The  smaller  the  value  of  OR,  the  greater  the  effect 
of  C9  -The  permissible  limits  of  the  oscillation  of  vol¬ 
tage  on  the  capacity  G  during  the  passage  of  pulses 
Zsee  (5J7  should  not  be  enlarged  when  a  simultaneous  solu¬ 
tion  of  the  five  initial  expressions  cannot  be  obtained* 
This  would  not  bring  a  solution  under  reasonably  permis¬ 
sible  voltage  oscillations  on  the  capacity  C. 

On  the  contrary,  a  certain  variation  in  the  value 
of  the  maximum  permissible  current  Imax  in  the  positive 

direction,  can  rapidly  widen  the  region  of  feasible  solu¬ 
tion*  The  region  of  simultaneous  solution  can  also  be 
enlarged  by  lowering  the  value  of  Ij^nax» 

For  the  stationary  run  the  percentage'  of  energy 
coming  from  the  sources  and  lost  as  heat  in  the  resis¬ 
tance  R  is  (*»  -  *i)  .  In  order  to  reduce  these 

losses  it  is  advlefkble  to  usemlnimum  values  of  Eg  and 
and  maximum  values  of  R» 


3.  Numerical  computation  of  the  circuit  R-DIode-C 

1.  For  currents  Iko  and  Iko  ffiax.  Starting  from  the 

actual  measurements  of  these  currents  for  a  group  of 
triodes  (C2G)  in  a  pulse  shaper  set-up  during  a  stationary 
run  on  the  frequency  of  500  kilohz,  we  can.  assume  that  for 
t the  majority  of  the  triodes  these  values  do  not  exceed* 
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4 


for  -  -20  volt 


for  E 


for  I 


ko 


It 


KO 


30  volt 
M  ma 


•^ko  max  ^  ma 


3*5  ma 

"ko  max  “  -*•  ^  ®<: 

2,  Maximum  current  through  the  diode  D  in  a 
stationary  run  Ij,  ,nsx  is: 

for  Ej  -  -  20  volt  for  Ej  ~  -  30  volt 

h  „ax»  5-5  ma  JD  mx»  7  "• 

3*  Maximum  current  1  «  In  determining  this 

,  ill  ct  A. 

value  ones  should  proceed  from  the  experiment®  in  which  the 
point-contact  trlodes  were  working  under  heavier  currents 
than  those  guaranteed  by  the  vendor* 

Thus  Im  must  not  be  greater  than  20  ma* 

4.  Current  during  the  pulse.  1^.  It  follows  from 

the  load  characteristic  of  the  pulse  shaper  that  the  range 
of  current  1^  variations  is  60-6  ma  depending  on  the 

shaper’s  load. 

5*  The  value  of  E-j*  This  is  determined  on  the  one 

hand  by  the  required  amplitude,  of  the  exit  pulse  and  on  the 
other,  by  the  permissible  voltage  on  the  triode.  This 
magnitude  shall  have  two  values? 

f £  *  -  20  e  and  h  m  ~  30  ®” 

6*  The  magnitude  6U0  •  ^c1  represents  the  loss  of 

the  useful  voltage  in  the  exit  pulse  of  the  shaper.  We 
shall  assume  tnj.  ^  1  e. 

7*  The  value' x  ±*  For  this  computation,  we  shall 
determine  the  equivalent  ^duration  T  ^  given  by  the  rel 


tionship  1  j'  jKdt  * -qI hxis that  is,  assuming  that  the 

pulse  current  ij  £s  constant  for  the  duration  T  >x>  which 

amounts  to  0.2  mi crosse » 

Computation:  1)  This  computation  is  carried  out 
for  the  following  variants: 


1.  for  “  60  ua 
4.  for  ZK  “  30  *o 

for  I-a  *  6  *a 


i:  t* 


■20a 

•30a 


Hi  Ex  «  -20e 
Si  “  ~30e 
I!  B1  -  ~2Qe 
Si  Bx  -  -30e 
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Variant  II  reflects  the  conditions  of  the  maximum 
efficacy  of  energy  in  the  shaper’s  load  for  RK  =  400  ohm* 

2)  Prom  the  simultaneous  solution  of  the  expression 
|4}  and  (5)  we  shall  find  the  values  of  the  capacity  C 
(in  microfarads) 


i. 

«  60  Ma 

C1 

>  12  000 

n. 

rH 

*  30  Ma 

C2 

>  6000  njg 

*1. 

-6  m 

C3 

>  1200  ng6 

3)  We 

compute 

the 

value 

ofT  i 

I. . 

l  H  *  60 

Ma 

Cj  - 12  000 

B(k  oh) 

li — 

2 

3 

4 

5 

6  7 

8 

9 

10 

Y 

7,7  15,6 

23 

31  " 

40 

48  56 

In  > 

-  30 

Ma 

Cl  *  6000 

<5 

R(kou) 

1 

2 

3 

4 

5 

6  7 

8 

9 

10 

Y 

4 

12 

16 

20 

23  27 

32 

36 

40 

i,  /, 

*  6 

m 

C3  *  1200 

R(kqm) 

i 

2 

3 

4 

5 

6  7 

8 

9 

10 

Y 

0,4  1, 

15 

1  f  9 

2,8 

3,6 

4,3  5 

7,8 

4}  Using  identical  nets  of  coordinates,  we  shall, 
build  simultaneously  the  relationships  of  the  expressions 
(1)  and  (13)  (in  Fig*  12), 

The  construction  amounts  to  two  variants:  one  for 
-  20  volt,  another  for  E^  =  -30  volt,  while  the 

current  amounts  to  60,  30  and  6  ma* 


.  Pig.  12 

Graphic  presentation  of  the  solution  of 
basic  relationships  (1)  to  (5)  in  their 
application  to  the  work  conditions  of  a 
pulse  shaper  on  a  point  contact  triode 
for  various  runs  of  that  work* 
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G  *X1 


for  Ij  «  -  20  e 


I.  1,,  *  60  ua 


/!.  JH  *  30  *a 


*  1  is  *  6  MM 


F.%  60  e 

Ft  >  3  KOM 
F'2  36  6 

li  >1,9  KOM 
Ss  £  29  e 
R  i  1,5  tcQJii 


...  .5)  us  evaluate  approximately  the  power  losses 
a  1  n  &~ie  resistance  H  and  compare  them  with  the  ene^-y 
oh  sumption  by  the  set-up  itself,  p  in  the  stations.' 


■*  V  W-iiJ.. 

1  o  sldi  anct  P  dyn  Skh  ln  the  dynamic  runs. 

*  •*  30  e 


?•  /«  *  60 


Pp  *  1,37  8R 


fj  *  -  20  e 
%  *  0,  S3 


in  *  30  jkq 


Py  *  0,39  m 


PR  -  0,17  m 


fa  '  *  6 


pp,  *0,135  9,7, 


For  the  stationary  r-u 

n  wo  ha ye: 

fj  *  -30  e 

foes« 

Ji’j  *  —  20  & 

P0  CX 

And  for  the  dynamic  r 

kilohzt 

un  at  the  f; 

*  -  30  e 

j£)  aa 

atncx 

%  *  ~  20  e 

pdincx 

pp  *  0,053 
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